The possibility to insert immediately-loaded implants in post-extraction sites where previously inserted implants had failed and had never received a prosthesis has not been sufficiently studied to the present day. Only few articles in the literature address this problem. The aim of the present study was to evaluate crestal bone remodeling around implants with a platform-switched design inserted and loaded immediately after the failure ofthe previous implants. This study has a follow-up of 36 months. Failed implants that had never received a prosthesis have been removed in 68 patients. In the present study 10 patients, whose bone crest measured at least 8 mm in width, were selected and 16 immediately loaded implants with a platform-switched design and a sandblasted and acid etched SLA surface, (Winsix®, Biosaf sri, Italy) were placed. Statistically significant differences were observed in crestal bone remodeling between 12 and 36 months (p<0.05) and between 24 and 36 months (p<0.001), although no statistically significant differences were found between 12 and 24 months (p>0.05). The values of periodontal indices have sometimes been borderline, although they returned normal later on. The cumulative success-rate of all the 16 implants inserted was of 93.75%, while the survival rate was 100%. Results show that immediately loaded platform-switched implants are a practicable solution for the rehabilitation of sites of early failed implants.
Many studies describe the success of implants in time
(1-4), but only a small number investigate the causes of implant failure, while studies describing the possibility to insert new implants used for a fixed prosthetic rehabilitation in the site of implants previously failed, (for various reasons) are even fewer (5) (6) . Very often in the past, patients who had suffered implant failure were treated with an overdenture to avoid additional implant surgery which was not predictable at that time. Only one article treated the insertion of implants in sites where previously inserted implants had failed, but the surgery was performed after 9 to 12 months after the removal of the failed implants (7) . Today clinicians may choose between various implant designs, such as macro-implants, short implants, which allow implant insertion where bone volume is insufficient. It has been proven that in conventional dental implants, consisting in a fixture and an abutment, the peri-implant bone resorbs between 1 to 2 mm after -prosthetic loading, when the implant platform is positioned at a crestal level (8) . Some investigators have demonstrated that when the implant platform is positioned at a sub-crestallevel, bone resorption increases (9) . According to certain authors, crestal bone remodeling is caused by masticatory stress (10) . Another hypothesis suggests that soft tissue inflammation may cause the crestal bone to resorb (11). Some researchers have demonstrated that in all two-piece implant systems there is a gap between the implant and the abutment. The gap measures approximately 10 urn and is responsible for the formation of an inflammatory infiltrate (12) . A group of researchers has proven that the inflammatory effects ofthe implant-abutment gap are independent from the position of the implant platform in relation to the crest. In fact, inflammation appears when the implant is positioned both above the crestal level and below crestal level and it is deemed responsible of the crestal bone resorption (13) (14) . It's important to underline that inflammatory processes caused by the micro gap and noted by various investigators have been observed on implants restored with matching-diameter abutments. Lazzara et al. introduced the platform-switched prosthetic modality, by connecting large diameter implants to narrower abutments (15) . Periodic radiographic controls of platform-switched implants showed a reduced peri-implant bone resorption if compared with that observed around dental implants restored with matching diameter abutments; the reduced bone resorption is attributed to the lateral shifting of the infiltrated tissue, which is moved away from the crest by a non-infiltrated connective tissue adjacent to the implantabutment junction (16) (17) . The objective of the present study was to evaluate whether valid osseointegration and a reduced crestal bone remodeling may be obtained when platform-switched implants are inserted in the sites of previously early failed implants, which had never received a prosthesis.
MATERIALS AND METHODS
All the patients included in the present study were treated in cooperation between the Division of Dental Surgery Implant Prosthodontics at the Dental School of the "Sapienza" University of Rome. A total of 68 patients were treated for the removal of 109 previously inserted implants. These implants were never restored because they were not osseointegrated, could not be used from a prosthetic point of view or were inserted in close proximity of anatomic structures which might be damaged because of the implants. The patients that underwent the implant removal were of both genders, with an age range comprised between 22 and 70 years. The implants were distributed almost homogenously between the two arches, (tab. I). Among the 68 patients who underwent the explantation procedure, a total of 10 patients responding to the following criteria were selected.
The following inclusion criteria were adopted: the presence of one or more implants considered failed from the clinical and radiographic point of view, a residual alveolar width following the implant explantation sufficient to place a standard implant (3.8 mm diameter) in the site of the failed implant. Exclusion criteria were the following: natural teeth adjacent to surgical area affected by untreated periodontal and endodontic infections, peri-implant bone defects requiring bone augmentation, absence of opposing occlusion. Additional exclusion criteria were: poor oral hygiene, smoking, parafunctional habits, severe maxillomandibular space discrepancies, drug use or alcohol abuse. A total of 16 implants (Winsix® , Biosaf SRL, Italy) were placed in the sites of previously failed implants. All the patients were appropriately informed regarding the study and signed a written consent form, The titanium implants used in this study are grade II titanium dental implants approved for human use and are internal hex implant with thread design. The implant surface is sandblasted and acid etched. The implant features of the fixtures used in the study and the jaw position are displayed in Tab. I. A week before the surgical removal of failed implants a session of full mouth periodontal debridment and scaling was performed and oral hygiene instructions were reinforced. All the patients underwent the same surgical protocol for both the explantation and the implant surgeries. All subjects adopted an antimicrobial prophylaxis with a mouthwash of 0.12% chlorexidine rinsing for I minute prior to surgery and three times a day for the following 10 days (Dentosan 0,12%, Johnson & Johnson, USA) and antibiotics l gr per day of clavulanic acid and amoxocillin for 3 days starting 1 hour before surgery (Augmentin l gr, Smith-Kline Beecham, New York, NY, USA) Local anesthesia was induced by infiltration with articaine/epinephrine (Ecocain ® 20mg/ml, Molteni Dental, Italy). Crestal and intrasulcular peri-implant incisions were made with maximum effort to maintain the periodontal tissues of adjacent teeth intact, vertical release incisions were made to obtain a better visibility only if necessary. A full thickness flap was reflected buccally and lingually to expose the failed fixture. The implant removal was performed with the implant driver or using piezo-surgical devices and surgical forcep. Closure of the flap was obtained without tension using 4.0 silk sutures (Ethicon, Silk ® 4.0 Ethicon, USA). One of the patients included in the study had undergone the insertion of three implants two months before the beginning of the study (teeth # 4.7-4.6 and 4.5). The fixtures had never received a prosthesis. The patient referred persistent pain around the implants and a slight paresthesia was assessed Radiographic data and periimplant probing revealed an advanced peri-implantitis on 4.6 and 4.5, while 4.7 was completely osseointegrated, but had been inserted into the mandibular canal (fig. Ia-Ib) After a period of 50 days following the implant removal, orthopantomographs and CT scan exams were repeated to evaluate the bone healing process and the residual bone volume. These radiographic exams were also necessary to plan a correct treatment (fig lcld). The same medications and surgical protocol were used. The preparation of the recipient site was performed following the instructions of the implant manufacturer under abundant saline solution irrigation. All the implants were rigorously placed at the crestal bone level using a driver mounted on an handpiece with an insertion torque of at least 35 N and low speed (50 rpm). The biologic distance between implants was respected, as was the distance between implants and adjacent natural dentition and between implants and contiguous anatomical structures ( fig.2a ) .No bone grafting was needed. Closure of the flap was obtained without tension using 4.0 silk sutures.. Patients were instructed to mantain a liquid or semiliquid diet for the first three days and then gradually return to a normal diet. Painkiller medications were prescribed and adopted by patient when needed (Aulin ®, nimesulide 100mg, Roche SPA, Italia). Sutures were removed 7 days after surgery. According to the consensus statement of Cochran et al. (18) about recommended clinical procedures regarding loading protocols for endosseous dental implants all the implants were immediately loaded and received provisional restorations 24 hours after the implant surgery. Immediately after the suture, impression posts were connected to the implants , and direct impressions were made with vinylsiloxane material. Waxing sleeves with gold alloy base and plastic extensions were burned out and cast to obtain platform switched custom made abutments ( fig.2b ). Methacrylate provisional restorations were fabricated and delivered within 24 hours ( fig.2c ). Multiple implants were connected to each other. An insertion torque of all the abutments to the implants of 25N/cm was obtained with a torque wrench device. All the restorations were designed with minimal contact in maximum intercuspal position or centric relation while working and balancing contacts were removed. Final metal-ceramic restorations were delivered four months after the implant placement ( fig.2d) .
Criteria for success andfollow-up examinations
The following conditions were considered for implant success and recorded by a previously calibrated and masked operator for each implant: absence of fixture mobility, absence of periimplant radiopacity/radiolucency at radiographic assessment, bone loss lower than 1.5 mm at 12 months radiographic exam, absence of suppuration, pain, infection and paresthesia (19) .
All the patients were placed under a strict plaque control regimen until complete soft tissue healing was obtained and were recalled at 6,12,24 and 36 months after prosthetic loading. Periimplant probing was recorded at four aspects for each implant (mesio and disto buccal, buccal, lingual), percentages of sites positive at the bleeding on probing were recorded, modified plaque and gingival indexes (mPI, mG!) (20) were collected, occlusion was checked, radiographs were performed. The results of the peri-implant bone remodeling are reported in Tab. II.
Radiographic assessment
Radiographic evaluation was performed according to a previously published study (21) . Briefly, a previously calibrated and masked operator made all the x-ray exams. Standardized peri-apical radiographs were taken using a customized bite record fabricated with acrylic resin on a Rinn XCP Ring positioner (Dentsply ®, Costanza, Germany) and a beam guiding rod to allow parallelization between the x-ray tube and the film and standardize all the radiographs. The radiographs were performed with a dental x-ray machine (TM 2002 ® CC Planmeca Proline, Planmeca Group Helsinki, Finland) equipped with a long tube that operated at 70 Kw!7.5 mA and were developed in an automatic developer under standardized conditions. The radiographs were taken at baseline, 12, 24 and 36 months after implant placement ( fig. 3a-3b-3c ). The radiographs, set on a cephalometric unit in a darkroom, were acquired and converted in digital images with a camera, saved into a computer memory in TIFF format.
Table I. Implants location
Later each image was processed with specific software (Beta Scion Immagine ® 4.03 for Windows XP, Scion LTD USA). and displayed on a high resolution monitor. A computer assisted calibration was accurately made on mesial and distal side of each implant measuring the known distance between 2 threads. This calibration allowed a correct measurement even if there was a slight deviation of the central beam and a consequent magnification of the image. The following reference points were assessed on each image: fixture-abutment junction, threads, first contact of the crestal bone with the implant on both mesial and distal side . Knowing the values of the implant diameter and length, this enabled us to make linear measurements of remaining peri-implant bone measured from the mesial and distal marginal bone levels and the fixture-abutment junction. The linear measurements were made by a trackball driven cursor on a 10 times magnified digitized image of the implant on the monitor. The amount of bone change over the baseline to 12,24 and 36 months after implant placement were calculated for all implants.
Statistical Evaluation
The remodeling of peri-implant bone tissue was analysed using Friedman's non-parametric statistical test and the differences were evaluated with Dunn's multiple comparisons test. All data were expressed as averages ± the standard error (SE); differences were considered statistically significant for p<0.05.
RESULTS

Clinical observations
10 patients were treated with the placement of 16 platform switched, immediately loaded dental implants in the sites of previously failed implants. No drop-out was observed. Peri-implant status was assessed by the means of probing depth and bleeding on probing recordings, mPI and mG!. The average peri-implant probing values were all normal and not deeper than 4mm. All the modified plaque and gingival indexes were between 0 and 1.5. Although a careful plaque control regimen was performed during the entire study, at 36 months post-operative control, a slight peri-implant inflammation was detected, and positive E.O.P. values were sometimes observed. Differences in crestal bone remodeling were statistically significant between 12 and 36 months (p<0.05) and between 24 and 36 months (p<O.OO I), while no statistically significant differences were found between 12 and 24 months (p>0.05) (Tab III). No implant was lost and all the fixtures placed fulfilled the aforementioned evaluated requirements for success. (Tab. Il j.Minimal recession associated with positive bleeding on probing was observed on the buccal aspect of an implant supporting a single crown in patient # I 0, Therefore the cumulative success rate after 36 months was of 93.75%, while the cumulative survival rate was 100%.
DISCUSSION
The purpose of the present study was to evaluate by standardized peri-apical radiographs the crestal bone maintenance around platform switched, immediately loaded dental implants placed in sites of previously failed implants. To our best knowledge this is the only study in which the radiographic evaluation of platform switched immediately loaded dental implants placed in the sites of previously failed implants has been performed and observed for 36 months. From the clinical point of view the placement of dental implants in the sites of previously failed implants may be considered similar to a postextraction implant in the socket of a single-root tooth with intact walls.
Positive data were reported about immediately loaded, immediate post-extraction implants. Covani et al. (22) inserted 18 single implants in fresh extraction sockets that were immediately restored with temporary abutments and crowns. During the 12-month follow-up period, one fixture was removed 4 weeks after implant placement following an abscess. All remaining implants healed good agreement with the aforementioned results since in our study there was no implant failure after 36 months. Among the 10 patients included in the present study, one underwent the removal of three early failed implants. One ofthese implants, (4.7), although perfectly osseo integrated, had failed not because of thermal damage to bone tissue, peri-implantitis or occlusal overload, but due to an incorrect insertion. The fixture had been positioned in contact with the mandibular neuro-vascular bundle and had caused paresthesia. This rare iatrogenic event occurs between 0 and 8% according to various researchers and patients recount it as a dramatic experience. At times, the likelihood of this event may be increased by an anomalous position of the inferior alveolar nerve (25) (26) ; following the removal of the failed implant causing the neural pathology and the surgically complex insertion of another implant in the same site, the authors reported a success for the newly positioned implant after 36 months. The prosthetic concept of platform-switching has been studied a great deal in recent years (15, 27) . The minimal amount of crestal bone remodeling observed with this design has shown that platform-switching may help to limit bone loss around dental implants. The results of the present study indicate that the use of platform-switching may help to limit the extent of bone remodeling in the sites of previously failed implants. Other recent studies report excellent percentages of success for implants restored with platform-switching (28, 29) . The results obtained, within the limits of the present study, suggest that immediately loaded platform-switched implants are a practicable solution for the rehabilitation of previously failed implant sites. Radiographic and clinical data collected at 12,24 and 36 months was successful and showed a minimal amount of crestal bone remodeling. The comparison between average bone remodeling at 24 and 36 months from prosthetic loading exhibited very significant statistical differences (p<O.OO I). Although some values indicated a significant amount of bone remodeling, results at 24 months were better than those reported by other authors (16) . In conclusion, the prosthetic procedure known as platform switching may help in reducing the crestal bone remodeling around immediately loaded implants inserted where other implants had previously failed. The authors acknowledge the need for larger long-term studies investigating the use of this implant design in sites of previously failed implants. Furthermore, the possible options for the reduction of prosthetic loads should be further investigated and better defined.
